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Introduction: 
  This study was carried out in different regions of 
Khartoum North i.e. Shambat, Soug–Bahri, EL- Mazad and the 
industrial area and in different regions in Omdurman namely 
Ombada, El-Thawra and El-Soug El-Shabi. The study was targeted 
to investigate lead exposure and toxicity in soil, some exposed 
foods and water, and to measure blood lead and hemoglobin 
concentration to assess toxicity. 
Material and Methods:  
 Twenty- nine samples of soil were collected from Khartoum 
North and Omdurman, 8 samples from streets, 15 from industrial 
regions and 6 samples from petrol stations and automobile 
exhausts. Twenty-one samples of vended foods were collected 
from Soug-Bahri and El-Soug El-Shabi of Omdurman in the areas 
of bus stations. Fifteen samples of tap water were collected from 
locations of Khartoum North and Omdurman. Ten samples of 
female blood were collected from Ombada and El-Thawra in 
Omdurman and other ten samples from El-Mazad, Shambat and 
industries of Khartoum North to measure blood lead level and 
hemoglobin concentration. All samples were processed and 
analyzed using flame atomic absorption spectrometer and 
spectrophotometer in the  case of measuring hemoglobin 
concentration.  
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Results: 
 All examined samples of soil collected from Omdurman and 
Khartoum North were found to have lead (Pb2+) content higher 
than the average content of lead (Pb2+)  in soil. About half of 
vended foods found to have lead (Pb2+) content higher than the 
standard level of lead in foods. Most of water and blood samples 
were found to have lead (Pb2+) content higher than what is 
considered as normal value of lead (Pb2+) in water and blood. 
About half of Omdurman females and more than half  of Khartoum 
North females showed hemoglobin concentration less than the  
normal range. The study also showed that the hemoglobin was 
correlated negatively with the blood lead level. The statistical 
analysis showed significant differences of lead in soil, foods 
(except in dates), water, blood and the hemoglobin.  
Discussion and conclusion: 
 Lead (Pb2+) contamination is observed in the majority of 
examined samples so it is necessary to establish industrial regions 
and petrol stations far from residential environments to minimize 
the risks of lead pollution. Not only that but awareness should be 
raised to promote practices that target protection against the health 
hazards lead pollution may inflict on populations such as  
prohibition of selling of foods and water in heavy traffic areas. 
Precautions against lead poisoning should be the concern of local 
and federal governmental authorities and should involve the public 
as well. 
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  اﻟﺨﻼﺻﺔ                           : اﻟﻤﻘﺪﻣﺔ 
 ﺸـﻤﺒﺎﺕ ،  ﻤﻨﺎﻁﻕ ﻤﺨﺘﻠﻔﺔ ﻓﻲ ﺍﻟﺨﺭﻁﻭﻡ ﺸﻤﺎل ﻭﻫﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ُﺃﺠﺭﻴﺕ ﻓﻲ 
ﺴﻭﻕ ﺒﺤﺭﻱ ، ﺍﻟﻤﺯﺍﺩ ﻭﺍﻟﺼﻨﺎﻋﺎﺕ ﻭﻓﻲ ﺃﻡ ﺒﺩﺓ ، ﺍﻟﺜﻭﺭﺓ ﻭﺍﻟﺴﻭﻕ ﺍﻟـﺸﻌﺒﻲ ﺒﻤﻨﻁﻘـﺔ ﺃﻡ 
  . ﺩﺭﻤﺎﻥ 
ﺘﻬﺩﻑ ﺍﻟﺩﺭﺍﺴﺔ ﻟﺒﺤﺙ ﺍﻟﺘﺴﻤﻡ ﺒﻌﻨﺼﺭ ﺍﻟﺭﺼﺎﺹ ﻓﻲ ﺍﻟﺘﺭﺒﺔ ، ﺒﻌـﺽ ﺍﻷﻁﻌﻤـﺔ   
  . ﻤﺎﺀ ﺒﺎﻹﻀﺎﻓﺔ ﻟﻘﻴﺎﺱ ﺘﺭﻜﻴﺯ ﺍﻟﺭﺼﺎﺹ ﻓﻲ ﺍﻟﺩﻡ ﻭﺍﻟﻬﻴﻤﻭﻗﻠﻭﺒﻴﻥ ﻟﺘﻘﺩﻴﺭ ﺘﻠﻙ ﺍﻟﺴﻤﻴﺔ ﻭﺍﻟ
  : اﻟﻄﺮﻳﻘﺔ واﻟﻤﻮاد اﻟﻤﺴﺘﺨﺪﻣﺔ 
 ﻋﻴﻨﺎﺕ 8ﻋﻴﻨﻪ ﻤﻥ ﺍﻟﺘﺭﺒﺔ ﻤﻥ ﻤﻨﻁﻘﺘﻲ ﺍﻟﺨﺭﻁﻭﻡ ﺸﻤﺎل ﻭﺍﻡ ﺩﺭﻤﺎﻥ ، 92 ﺠﻤﻌﺕ  
 ﻋﻴﻨﻪ ﻤﻥ ﺘﺭﺍﺏ ﺍﻟﻤﻨـﺎﻁﻕ 51ﻤﻥ ﺘﺭﺒﺔ ﺸﻭﺍﺭﻉ ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﻘﺭﻴﺒﺔ ﻤﻥ ﻤﺼﺩﺭ ﺍﻟﺘﻠﻭﺙ ، 
 12 ﺠﻤﻌـﺕ  ﻜﻤـﺎ ﻴﻨﺎﺕ ﻤﻥ ﺘﺭﺍﺏ ﻤﺤﻁﺎﺕ ﺍﻟﻭﻗﻭﺩ ﻭﻋﻭﺍﺩﻡ ﺍﻟﻤﺭﻜﺒﺎﺕ،  ﻋ 6ﺍﻟﺼﻨﺎﻋﻴﺔ ﻭ 
 ﻤﻥ ﺒﻌﺽ ﺍﻷﻁﻌﻤﺔ ﺍﻟﻤﺒﺎﻋﺔ ﺠﻤﻌﺕ ﻗﺭﺏ ﻤﻭﺍﻗﻑ ﺍﻟﻌﺭﺒﺎﺕ ﺒﻤﻨﻁﻘﺘﻲ ﺴﻭﻕ ﺒﺤـﺭﻱ ﻋﻴﻨﻪ
 ﻋﻴﻨﻪ ﻤﻥ ﺍﻟﻤﺎﺀ ﻤﻥ ﻨﻔﺱ ﺍﻟﻤﻭﺍﻗـﻊ ﺍﻟﻤـﺫﻜﻭﺭﺓ 51 ﺠﻤﻌﺕﻭ ﻭﺍﻟﺴﻭﻕ ﺍﻟﺸﻌﺒﻲ ﺃﻡ ﺩﺭﻤﺎﻥ، 
ﻘﺔ ﺍﻡ ﺩﺭﻤـﺎﻥ  ﻋﻴﻨﺎﺕ ﻤﻥ ﺩﻡ ﺍﻹﻨﺎﺙ ﻤﻥ ﻤﻭﻗﻌﻲ ﺍﻡ ﺒﺩﺓ ﻭﺍﻟﺜﻭﺭﺓ ﺒﻤﻨﻁ 01 ﺠﻤﻌﺕ .ﺃﻋﻼﻩ
 ﻋﻴﻨﺎﺕ ﺍﺨﺭﻴﺎﺕ ﺠﻤﻌﺕ ﻤﻥ ﺍﻟﻤﺯﺍﺩ ، ﺸﻤﺒﺎﺕ ﻭﺍﻟﺼﻨﺎﻋﺎﺕ ﺒﻤﻨﻁﻘﺔ ﺍﻟﺨﺭﻁﻭﻡ ﺸﻤﺎل 01ﻭ
ﺘﻡ ﺘﺤﻀﻴﺭ ﻭﺘﺤﻠﻴل ﻜل ﺍﻟﻌﻴﻨﺎﺕ . ﺼﺎﺹ ﻓﻲ ﺍﻟﺩﻡ ﻭﺘﺭﻜﻴﺯ ﺍﻟﻬﻴﻤﻭﻗﻠﻭﺒﻴﻥ ﻟﻘﻴﺎﺱ ﻤﻌﺩل ﺍﻟﺭ 
ﺍﻟﻤﺫﻜﻭﺭﺓ ﺃﻋﻼﻩ ﻭﺒﻌﺩ ﺫﻟﻙ ﺘﻡ ﻗﻴﺎﺱ ﺘﺭﻜﺯﻴﻬﺎ ﺒﻭﺍﺴﻁﺔ ﺠﻬﺎﺯ ﺍﻟﻤﻁﻴﺎﻓﻴـﺔ ﺍﻻﻤﺘـﺼﺎﺼﻲ 
  . ﻓﻲ ﺤﺎﻟﺔ ﻗﻴﺎﺱ ﺘﺭﻜﻴﺯ ﺍﻟﻬﻴﻤﻭﻗﻠﻭﺒﻴﻥ ﺍﻟﺫﺭﻱ ﻭﺠﻬﺎﺯ ﺍﻟﻤﻁﻴﺎﻓﻴﺔ ﺍﻟﻀﻭﺌﻲ
  : اﻟﻨﺘﺎﺋﺞ 
ﻜل ﺍﻟﻌﻴﻨﺎﺕ  ﺍﻟﻤﻔﺤﻭﺼﺔ ﺍﻟﺘﻲ ﺠﻤﻌﺕ ﻤﻥ ﺍﻡ ﺩﺭﻤﺎﻥ ﻭﻤﻨﻁﻘﺔ ﺍﻟﺨﺭﻁـﻭﻡ ﺸـﻤﺎل 
ﺘﻘﺭﻴﺒﺎﹰ ﻜـل ﻋﻴﻨـﺎﺕ . ﻤﻠﻭﺜﺔ ﺒﺎﻟﺭﺼﺎﺹ ﺒﻤﻌﺩل ﺃﻋﻠﻰ ﻤﻥ ﻤﻌﺩل ﺍﻟﺭﺼﺎﺹ ﻓﻲ ﺍﻟﺘﺭﺒﺔ 
ﺍﻻﻁﻌﻤﺔ ﺍﻟﻤﺒﺎﻋﺔ ﺘﺤﺘﻭﻱ ﻋﻠﻰ ﺍﻟﺭﺼﺎﺹ ﺒﺩﺭﺠﺔ ﺃﻋﻠﻰ ﻤﻥ ﺍﻟﻤﻌﺩل ﺍﻟﻘﻴﺎﺴﻲ ﻟﻠﺭﺼـﺎﺹ 
ﺃﻏﻠﺏ ﻋﻴﻨﺎﺕ ﺍﻟﻤﺎﺀ ﻭﺍﻟﺩﻡ ﻟﻜل ﻤﻨﻁﻘﺔ ﻭﺠﺩ ﺃﻨﻪ ﺘﺤﺘﻭﻱ ﻋﻠﻰ ﺍﻟﺭﺼـﺎﺹ . ﺔ ﻓﻲ ﺍﻷﻁﻌﻤ 
ﺘﻘﺭﻴﺒﺎﹰ ﻨﺼﻑ ﻋﻴﻨـﺎﺕ ﺩﻡ . ﺒﺩﺭﺠﺔ ﺃﻋﻠﻰ ﻤﻥ ﺍﻟﻘﻴﻤﺔ ﺍﻟﻁﺒﻴﻌﻴﺔ ﻟﻠﺭﺼﺎﺹ ﻓﻲ ﺍﻟﻤﺎﺀ ﻭﺍﻟﺩﻡ 
 ﺍﻹﻨﺎﺙ ﻓﻲ ﺍﻡ ﺩﺭﻤﺎﻥ ﻭﺃﻜﺜﺭ ﻤﻥ ﻨﺼﻑ ﺍﻟﻌﻴﻨﺎﺕ ﻓﻲ ﻤﻨﻁﻘﺔ ﺍﻟﺨﺭﻁـﻭﻡ ﺸـﻤﺎل ﺒﻴﻨـﺕ 
. ﻭﺒﻴﻥ ﺍﻟﻁﺒﻴﻌـﻲ ﻓـﻲ ﺍﻟـﺩﻡ  ﺃﻥ ﺘﺭﻜﻴﺯ ﺍﻟﻬﻴﻤﻭﻗﻠﻭﺒﻴﻥ ﺍﻗل ﻤﻥ ﺘﺭﻜﻴﺯ ﺍﻟﻬﻴﻤﻭﻗﻠ ﺍﻟﺩﺭﺍﺴﺔ 
iv 
. ﺍﻟﺩﺭﺍﺴﺔ ﺃﻴﻀﺎﹰ ﺒﻴﻨﺕ ﺃﻥ ﺍﻟﻬﻴﻤﻭﻗﻠﻭﺒﻴﻥ ﺍﺭﺘﺒﻁ ﺴﻠﺒﻴﺎﹰ ﻤﻊ ﻤﻌﺩل ﺍﻟﺭﺼـﺎﺹ ﻓـﻲ ﺍﻟـﺩﻡ 
ﺍﻟﺘﺤﻠﻴل ﺍﻻﺤﺼﺎﺌﻲ ﺒﻴﻥ ﺃﻥ ﻫﻨﺎﻟﻙ ﺍﺨﺘﻼﻓﺎﺕ ﺫﺍﺕ ﺃﻫﻤﻴﺔ ﻓﻲ ﺍﻟﺘﺭﺒﺔ ، ﺍﻻﻁﻌﻤﺔ ، ﺍﻟﻤﺎﺀ ، 
  . ﺍﻟﺩﻡ ﻭﺍﻟﻬﻴﻭﻤﻘﻠﻭﺒﻴﻥ ﻤﺎ ﻋﺩﺍ ﺍﻟﺘﻤﻭﺭ
  : واﻟﺘﻮﺻﻴﺎت  اﻟﺨﻼﺻﺔ
ﺃﻏﻠﺏ ﺍﻟﻌﻴﻨﺎﺕ ﺍﻟﻤﻔﺤﻭﺼﺔ ﻭﻟﺫﻟﻙ ﻤﻥ ﺍﻟﻀﺭﻭﺭﻱ  ﻤﺤﻠﻭﻅ ﻓﻲ ﺍﻟﺘﻠﻭﺙ ﺒﺎﻟﺭﺼﺎﺹ 
 ﺍﻟﻤﻨﺎﻁﻕ ﺍﻟﺼﻨﺎﻋﻴﺔ ﻭﻤﺤﻁﺎﺕ ﺍﻟﻭﻗﻭﺩ ﺒﻌﻴﺩﺍﹰ ﻋﻥ ﺍﻟﺒﻴﺌﺎﺕ ﺍﻟﺴﻜﻨﻴﺔ ﻟﺘﻘﻠﻴـل ﻤﺨـﺎﻁﺭ ﺇﻗﺎﻤﺔ
ﻟﻴﺱ ﻫﺫﺍ ﻓﺤﺴﺏ  ﺒل ﻴﺠﺏ ﺭﻓﻊ ﺍﻟﻭﻋﻲ ﻟﺘﺤﻔﻴﺯ ﺍﻟﻤﻤﺎﺭﺴﺎﺕ ﺍﻟﺘﻲ  . ﺎﻟﺭﺼﺎﺹﺒ  ﺘﻠﻭﺙﺍﻟ
ﻨـﻊ ﻤﺜل ﻤ ﻋﻠﻰ ﺍﻟﻤﻭﺍﻁﻨﻴﻥ  ﻟﺘﻰ ﻴﻤﻜﻥ ﺍﻥ ﻴﻭﻗﻌﻬﺎ ﺍﻟﻤﺨﺎﻁﺭ ﺍﻟﺼﺤﻴﺔ ﺍ  ﺘﻬﺩﻑ ﻟﻠﺤﻤﺎﻴﺔ ﻀﺩ 
ﺍﺘﺨـﺎﺫ ﺍﻻﺤﺘﻴﺎﻁـﺎﺕ . ﺒﻴﻊ ﺍﻷﻁﻌﻤﺔ ﻭﺍﻟﻤﺎﺀ ﻓﻲ ﻤﻨﺎﻁﻕ ﻤﺭﻭﺭ ﺍﻟﻌﺭﺒﺎﺕ ﺍﻟﻌﺎﻟﻴﺔ ﺍﻟﺘﻠﻭﺙ 
 ﺍﻟـﺴﻠﻁﺎﺕ ﺍﻟﺤﻜﻭﻤﻴـﺔ ﺎﹰ ﻤﻥ ﺍﻫﺘﻤﺎﻤﻤﺤل ﻴﺠﺩ ﻀﺩ ﺍﻟﺘﺴﻤﻡ ﺒﺎﻟﺭﺼﺎﺹ ﻴﺠﺏ ﺃﻥ ﺍﻟﻼﺯﻤﺔ 
  .  ﻴﺔ ﻭﺍﻷﺘﺤﺎﺩﻴﺔ ﻭﻴﺘﻁﻠﺏ ﺍﻴﻀﺎﹰ ﺇﻫﺘﻤﺎﻤﺎﹰ ﻤﻥ ﺍﻟﻌﺎﻤﺔ ﻠﺍﻟﻤﺤ
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 (1)
Introduction 
 Lead is a common industrial metal that has become widespread in air, 
water, soil, and food. It is a naturally  occurring element that has been used 
almost since the beginning of civilization. As a result of the many industrial 
activities that have brought about its wide distribution, lead is ubiquitous in 
the environment today. Wallace and Cooper (1986) have compiled a list of 
120 occupations (e.g., auto-mechanic, painting, printing, and welding) that 
may involve exposure to lead. All human beings have lead in their bodies 
primarily as a result of exposure to man-made sources (ATSDR, 1992).  
 This research was initiated to study lead levels in, various food items, 
soil and water in Khartoum State, to assess the toxicity and to estimate blood 
lead (B Pb) levels, a biomarker of lead toxicity. For this purpose, sampling of 
food products, collection of soil and water samples from various locations in 
Khartoum state; together with blood samples for laboratory analysis, and 
computational exercises were undertaken. Specifically, food groups (cereals, 
meats and fruits), drinking water, and air concentrations of lead were 
considered for estimating lead intake.  
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Chapter 1 
 literature review 
1.1 Lead in the environment  
 lead (pb2+), a naturally occurring bluish-grey heavy metal, has no 
special taste or smell and can be found in all parts of our environment. Human 
activities such as mining, manufacturing, and the burning of fossil fuels is the 
main reason for its present widespread distribution. Chiefly via paints, cans, 
plumbing fixtures, and vehicle exhaust because of leaded gasoline. It also has 
other different uses, most importantly in the production of batteries, in 
ammunition, roofing, and devices to shield X-rays.  
 Thus, humans are exposed to lead via air, dust, food and water. 
Millions of children and adults at home, in schools, and at the workplace are 
exposed to lead in the environment.  
 The intensity of lead exposures, remains high in some segments of the 
population (Coultate, 1996) and in certain locations. Soil is major sink for 
anthropogenic lead (e.g, contamination from industrial emissions, coal ash, 
flaking paint (particularly in and around house or building), sewage sludge, 
mining and smelting as well as fallout from automobile emissions. 
(Madhavan , 2002).       
1.1.1. Lead in air :  
In rural areas levels of lead in the air of 0.1 µg/m3 or less has been 
found. However, depending on the degree of pollution due to urbanization, 
the amounts of lead in city air range from 1-3 µg/m3, and will occasionally be 
much higher under peak traffic conditions   (Miettinen, 1972).  
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 Much of the lead discharged to the air is ultimately brought back to the 
ground or surface water through wet or dry deposition. Past and present 
atmospheric emissions therefore contribute to the amount of lead in soils; 
areas of high traffic flow or near industrial sources are likely to have a greater 
concentration of lead in soils and dust than remote areas ( ATSDR, 1999). 
Some data regarding the situation in Sudan in general and Khartoum 
particularly with reference to the growing population size in the city and the 
ever increasing numbers of imported cars and the amount of pollution they 
will eventually impart in the environment. Not only cars but “riqshas” and 
here we can stress india’s situation. 
1.1.2. Lead in soil 
 The natural lead content in soil ranges from less than 10-30 mg/kg. 
However, surface soil concentration vary depending on point source and 
automobile exhaust emissions (ATSDR, 1993).  
 Lead levels in road dust in USA were found to be in the range of 800-
1300 mg/kg in rural areas to 1000-5000 mg/kg in urban areas. Concentration 
in household dust vary between different dwellings (WHO, 1995).  
 Lead content of dust samples collected from Omdurman and Shambat 
was reported to range between 31-90.25 mg/kg and 19.75-149 mg/kg 
respectively (Iman, 2003).  
 In cultivated soils levels up to 360 mg/kg have been reported. Near 
industrial sources lead may reach 10000 mg/kg or more. (Chow, 1970).  
1.1.3. Lead in water :  
 Lead may contaminate water and food but the contaminant cannot be 
seen, tasted, or smelled (ATSDR, 1999) which is very serious. Lead in 
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drinking water is primarily due to the presence of lead in certain pipes, solder, 
and fixtures (ATSDR, 1997) particularly with the passage of time.  
 The maximum accepted lead concentration for chronic exposure in 
natural-water was found to be 4 to 8 mg/l. Acute toxicity was caused by 1.0 to 
1.5 mg/l of dissolved lead. Ionic lead is the active form of the element and 
colloidal lead species were innocuous (Izz-Eldin, 2000).  
 In controlled drinking water, the level of lead is currently limited in the 
U. S. to 0.015 mg/l (PPm), which is still slightly above the naturally occurring 
levels; there is still contamination from activities (Hong-Yen, 1998). The 
levels of lead encountered in water supplies according to WHO are probably 
about 0.05 ppm (WHO, 1972).  
1.1.4. Lead in Foods:  
 Lead may contaminate food during production, processing, and or 
packaging. Until the US phased out lead- soldered food cans during the 
1980s, canned food was a major source of lead in the diets of Americans 
(Mushak,1989). The concentration of lead in vended food samples were 
found to be higher than 0.2 mg/kg (Ihsan, 2003).  
 Average levels of lead (pb) in some foods such as meat and fish, 
cereals and milk were found to be 0.17, 0.17 and 0.03 mg/kg respectively. ( 
WHO, 1972 and UNICEF, 1997). A recent study found that the daily amounts 
of lead in the diets were between 250 and 300 mg/day (Coultate, 1996). 
Another study carried out by Sridhar and his associates revealed that the lead 
levels in food varied among the communities whether they are living in high, 
low or medium density areas (Sridhar,et.al,2000).  
 Lead in foods may be derived from the environment in which the food 
is grown or from food processing. Agricultural crops grown near heavily 
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traveled roads or industrial sources of lead deposited on them or in the soil 
(WHO , 1996). Canned foods are a source of lead which is leached from 
solder in the seams of cans. However, exposure from this source can by 
reduced by the use of seamless cans. Among cases of lead poisoning cited in 
the literature, lead from ceramic glazed storage vessels, leached out acid 
foods, is the most frequently – reported source of high lead concentrations in 
foods (Mahaffey, 1983)            
1.2. Lead Exposure:  
 Most human exposure to lead occurs through ingestion or inhalation. 
Lead exposure in the general population occurs primarily through ingestion, 
although inhalation also contributes to lead body burden and maybe the major 
contributor for workers in lead-related occupations. Almost all inhaled lead is 
absorbed into the body, whereas from 20 to 70% of ingested lead is absorbed 
(ATSDR, 1999). 
 Foods such as fruits, vegetables, meats, grains, seafood, soft drink, and 
wine may have lead in them (Coultate and Davies, 1994).  
 Lead gets into food from water during cooking. It may also get into 
foods and beverages from air or dust that contain lead, also from plants 
absorbing lead in the soil. Lead also enter foods through glazed pottery or 
ceramic dishes and from leaded crystal glassware (Coultate, 1996).   
 Most lead in air is inorganic lead and the predominant source is from 
the combustion of tetraethyl and tetramethyl lead used as fuel additives or ' 
antiknock' agents (WHO, 1996).  
 In 1984, burning lead gasoline was the single largest source of lead 
emissions. Other sources included releases to the air from industries (Anon, 
1997).  
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 Lead in air may also come from burning of solid lead-containing waste, 
wind blown dust, volcanoes, work place, burning of lead-painted matter, and 
cigarette smoke (FAO, 1984).  
 Pollution from motor vehicles has become an issue because of the 
regular increase in both the number of vehicles in use and the distance 
traveled by each vehicle each year. As a consequence of these increases the 
use of motor vehicles now generates more air pollution than any other single 
human activity (Colls, 1997).  
 Susceptibility to lead toxicity can be modified by several dietary 
factors. Low dietary intakes of calcium or iron (20% of recommended levels) 
substantially increase the toxicity of the same level of lead exposure to rats. 
The role of low calcium diet on increasing the susceptibility to lead has been 
confirmed in several species (Bruening, 1999)  
1.2.1 Children Exposure:  
 Children are particularly at risk to lead exposure since they commonly 
put hands, toys, and other items in their mouths which may come in contact 
with lead-containing dust and/or dirt (ATSDR, 1997). The direct ingestion of 
dust or soil, resulting from swallowing lead deposited in the upper respiratory 
tract or through normal mouthing and pica (abnormal tendency to eat 
substances not normally eaten), is one of great potential importance, 
especially for children (Levallois et, al, 1991). Major risk factors for the 
children are houses painted with Lead-based paint and exposure to urban dust 
(CDC, 1997). Lead-based paints were commonly used until 1978 and flaking 
paint, paint chips, and weathered paint powder maybe a major source of lead 
exposure, particularly for children (ATSDR, 1999).  
 In children, virtually no organ system is immune to the effects of lead 
poisoning. Perhaps the organ of most concern is the developing brain. Any 
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disorganizing influence that affects an individual at a critical time in 
development is likely to have long-lasting effects. Such is the effect of lead on 
the developing brain. Effects on the brain appear to continue into teenage 
years and beyond (Canfield et al, 2003).  
 Recent literature suggests that significant insult to the brain occurs at 
very low levels and that medical intervention with chelation fails to reverse 
such effects (Lanphear et al. 2005).  
 The first signs of lead toxicity in children are often subtle 
neurobehavioral problems that adversely affect classroom behavior and social 
interaction. Developmental, speech, and hearing impairments are not 
uncommon in lead-exposed children (ATSDR, 1999).  
1.2.2. Occupational Exposure:  
 Anetor et al (1999) studied 137 subjects in Ibadan comprising  86 Pb2+ 
workers and 51 control subjects. They were matched for age, sex, socio-
economic status and dietary intake. The Pb workers were classified into 3 
exposure categories according to severity of exposure a slow, moderate and 
severe cases. Blood and urine samples were collected from all subjects. In this 
study 95% of Pb2+ workers had blood lead levels Bll (define and correct)> 40 
µg/dl, 60% of the Pb2+ workers had BLL > 55 µg/dl, 38% of Pb2+ workers had 
BLL 60 µg/dl, only 4% of Pb2+ workers had BLL below 40 µg/dl.  
 In another study involving 880 occupational unexposed subjects from 
Iseyin, Shaki, Ogbomoso, and Sokoto, indicated that occupational exposed 
workers had higher blood lead levels. The levels correlated well with 
smoking, alcohol and salts intake. (Adeniyi and Anetor, 1999).  
 Exposure to lead may also occur in the workplace, such as lead 
smelting and refining industries, steel and iron factories, gasoline stations, and 
battery manufacturing.(Needle man, 2005).  
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 Lead pollution has been found in Baghdad because of the use of leaded 
petrol, battery manufacturing and the use of printing presses. (Hana, 1983). 
An increased in the absorption of lead among lead-exposed workers has been 
recorded (AL-Ghabban, 1986).  
 Lead and lead compounds play a significant role in modern industry, 
with lead being the most widely used nonferrous metal (Fischbein, 1992).  
 Lead dust that clings to the skin, hair, and clothing of workers can be 
carried from the work place to the home. In one study (Baker. et al, 1977) it 
shown that when a parent worked with lead, the mount of lead in the blood of 
children correlated with the concentration of lead in dust in their homes. 
Children have been poisoned by lead- bearing dust brought home on parents’ 
work clothing (Chisolm, 1982). 
1.3. Lead Absorption And Excretion :   
 The absorption of lead from different sources depends on the physical 
and chemical state in which the metal is present and a host of factors such as 
age, physiological status, and nutritional conditions (WHO, 1995).  
 Dietary factors influencing lead absorption include, a low body 
calcium, iron deficiency, vitamin D and carbohydrates (Reilly, 1980).  
 Studies have indicated that children are more susceptible to lead 
uptake. Children absorb up to 50% of lead taken into their bodies, compared 
to 10-15% in adults i.e. children may receive 3 times the dose adults take 
(UNICEF, 1997).  
 After lead gets into the human's body it is carried by blood to the soft 
tissues, such as liver, kidney, lung, spleen, brain, and muscles (WHO, 1995). 
In a study conducted in rats (Fox,1987) it was reported that the liver and 
kidney were the main targets to lead, cadmium, and mercury. In blood, lead is 
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bound mainly to the erythrocytes where its level is higher than in plasma 
(Reilly, 1980).  
 After a period of time most of the lead moves into bones and teeth. 
Some of lead can stay in bones for decades (WHO, 1972).  
 In both human and experimental animals lead is eliminated in both 
urine and faeces (WHO, 1995). About 90% of ingested lead is lost in faeces; 
about three quarters will eventually leave the body in urine. Other excretory 
pathways are gastrointestinal secretion, hair, nails, and sweat (Reilly, 1980). 
Lead also finds its way out of the body in milk and its excretion of lead in 
human milk is determination (Falmior, et al, 1999). Increases in the lead 
content of human's milk is associated with areas where environmental lead is 
high. Exposure of mother to heavy traffic for more than 5 years produced high 
level of  milk lead (Dabeka et. al, 1988).  
 Lead in hair has been used as an indicator of exposure to heavy metals 
contamination and to assess the levels of dietary uptake. Over the past 
century, hair of children has been used to examine exposure to lead in USA 
(Reilly, 1980).  
 Teeth are useful tissues for assessing long-term lead accumulation form 
prenatal exposure to the time of shedding of teeth. The accumulation of lead 
in teeth (pb T) use as a measure of  children's exposure in several studies 
(Yanni and Sacks,1993). Also lead in urine was used to show the total body 
burden. (WHO, 1995) . 
 In experimental animals there is evidence that milk may promote lead 
absorption (Stephens, 1999). The estimated gastro intestinal absorption rate of 
lead from soil and dust has been reported to be some what lower than from 
food, approximately 30% (Lepow, 1990).      
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1.4. Blood lead levels and Poisoning :  
  (Anon ,1997) found that, various ranges may be cited for whole blood 
levels of lead : 10-50 µg/dl; 11-21 µg/dl or 25-40 µg/dl.   
 Asogwa (1979) studied 43 battery workers and 50 control subjects to 
determine toxicity among exposed in Nigeria. Forty-nine of his exposed 
subjects had blood lead level below 40 µg/dl while only one had a value 
between 40 and 50 µg/dl, 15 had blood lead level below 40 µg/dl, 25 their 
blood level between 40 and 80 µg/dL and 3 had values of between 80 and 120 
µg/dl.  
 The normal blood lead level is less than 20 µg/dl in adults, whereas in 
children it is less than 1l µg/dl (Frank,et.al, 2005).  
 The geometric mean blood level of African-American children living in 
central portions of cities with more than 1 million people is 13.9 µg/dl, and 
about 35 percent of these children have blood lead levels greater than 10 µg/dl 
(CDC, 1997).  
 Blood lead levels for persons in the U.S and Europe revealed in 
numerous studies during the 1980s and early 1990s generally range from      
7-17 µg/dl, while values now are under 4 µg/dl (ATSDR, 1997).   
 Ayoola (1994) also in Nigeria studied blood samples from 90 males 
and 47 females. Their blood lead levels ranged from 3-27µg/dl.     
A study of urban dwellers in China and Japan indicated that blood lead 
levels in the Chinese averaged 4.6 µg/dl with a dietary intake of just 25 
µg/day, while in Japan , which has a cleaner environment , blood lead level 
averaged 3.2 µg/dl with a dietary intake of 15µg/ day (Pirkle,1994).      
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1.5. Lead Toxicity  
 In human, lead can result in a variety of biological effects depending of 
the level and duration of exposure. Lead may cause a range of health 
problems, form behavioral problems and learning disabilities, to seizures and 
death. Effects on the human body range from effects at the molecular level 
such as inhibition of enzymes to gross effects on the body disrupting 
hematological, neurological, cardiovascular, and reproductive functions 
which could ultimately lead to death (WHO,1995).  
 The Center for Disease Control (CDC)  has lowered the definition of 
what they consider to be elevated blood  lead levels and lead toxicity no less 
than three times in the past 22 years: 30 µg/dl in 1970, 25 µg/dl in 1985 and 
10 µg/dl in 1992.  The Center for Disease Control Advisory Committee has, 
recently, concluded that lead toxicity maybe found at levels of 10 µg/dl and 
that effects may occur at levels below that (CDC, 1998).  
1.5.1 Signs and Symptoms of Toxicity: 
 Symptoms of lead intoxication and at what exposure levels they occur 
vary. Although it is now recognized that blood lead levels as low as 10µg/dl 
can cause adverse effects, effects with identifiable symptoms generally occur 
when blood lead levels range from 25 to 50 µg/dl in children and 40 to 60 
µg/dl in adults. Severe toxicity is associated with blood lead levels of 70 µg/dl 
or more in children and 100 µg/dl or more in adults. (Rosen, 1995).  
 There may be no visible or clinical signs or symptoms of elevated 
blood lead levels and symptoms of lead poisoning generally do not appear 
until blood lead levels exceed 50 µg/dl (De Castro, 1990).  
 Despite the absence of visible signs of lead toxicity, health may be 
adversely affected. Although headache, fatigue and abdominal pain are 
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common symptoms of lead poisoning, most children with these complaints 
are not lead poisoned (Lewis, 1995) .  
1.5.2. Metabolic effects:   
 Co-exposure to lead and ethanol caused marked decline in the rate of 
mitochondrial respiration as compared to lead alone. Furthermore, the 
activities of various components of the electron transport chain, such as 
NADH dehydrogenase, succinate dehydrogenase and cytochrome oxidase 
depicted a significant decrease in the lead and ethanol (Suresh et al, 2005).  
 The biochemical basis for lead toxicity is its ability to bind the 
biologically- important molecules, there by interfering with there function by 
a number of mechanisms. Lead may compete with essential metallic cations 
for binding sites, inhibiting enzyme activity, or altering the transport of 
essential cations such as calcium. At the sub cellular level, the mitochondrion 
appears to be the main target organelle for toxic effects of lead in many 
tissues. Lead has been shown to selectively accumulate in the mitochondria 
and there is evidence that it causes structural injury to these organelles and 
impairs basic cellular energetic and other mitochondrial functions (Suresh et 
al, 2005).  
Lead interferes with vitamin D metabolism, since it inhibits 
hydroxylation of 25-hydroxy-vitamin D to produce the active from of vitamin 
D. The effect has been reported in children at blood levels as low as 10-15 
µg/dl (Mahaffey, 1985). 
Red cell pyrimidine-5’-nucleotidase activity is inhibited at blood lead 
concentrations of 10-15 µg/dl in children and 15-20 µg/dl in adults and no 
thresholds were found even below these levels  (Rabinowitz et al, 2002).                          
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1.5.3 Hematological effects:  
 Anemia has been reported to occur in children at the range of blood 
lead levels of 40-130 µg/dl and in adults at >50 µg/dl (Pueschel, et al. 1992).  
 Lead-induced anemia is a biologically and clinically important 
consequence of lead absorption, even at low levels of exposure 
(Schwartz,et.al, 1995).  
 Excessive lead exposure in pediatric groups results in a microcytic, 
hypochromic, mildly haemolytic anemia. Increased blood concentrations and 
urinary excretion of the metabolic precursors of haem, such as 
protoporphyrins and 6-aminolevulinicacid, occur before the development of 
overt anaemia. Blood lead concentrations  in children in excess of 40 µg/ 100 
ml have been associated with an increased incidence of anaemia (WHO, 
1972). 
 Measurement of the inhibitory effects of lead on haem synthesis have 
been widely used a screening tests to determine whether medical treatment for 
lead toxicity is needed for children and adults in high-risk. Piomelli (1980) 
has reported that an increase of erythrocyte protoporphyrin could be measured 
at blood lead levels of 14-17 µg/dl in children, 20-23 µg/dl in adults an 
Cavelleri et al, (1981) found an increase  at blood lead levels between 10 and 
20µg/dl in children, 15 and 25µg/dl in adults , suggesting that the erythrocyte 
protoporphyrin “no response” is lower than 10µg/dl in children and 15 µg/dl 
in adults                   
1.5.4 Neurological effects :  
 Lead may affect both the peripheral and central nervous system. High 
concentrations lead exposure is associated with encephalopathy in both adults 
(Pb B100-120 µg/dl) and children (Pb B80-100 µg/dl ) (Pagliuca,1999).  
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 Neurobehavioral toxicity was shown in adults at blood levels between 
30-60 µg/dl (Arakis,  1992).  
 In studies with experimental animals, prenatal lead exposure delayed 
normal brain development in offspring and was associated with blood lead 
levels from 25-89µg/dl (Reiter, 1982). Indication of peripheral nerve 
dysfunction, as indicated by slowed nerve conduction velocities , have been 
shown in children and adults at blood lead levels as low as 30µg/dl and 
35µg/dl respectively (Landrigan, 1999). 
 Effects on the central nervous system are principally responsible for the 
morbidity and mortality due to lead poisoning (Mahaffey, 1989).     
1.5.5. Renal effects : 
 Long-term, relatively high dose exposure to lead has been considered to 
be one of the causes of chronic nephropathy, which may progress to renal 
failure. The reliability of the diagnosis for lead nephropathy is mainly based 
on medical history, increased lead body burden, pathological lesions, 
associated pathologies, and renal dysfunction manifested as aminoaciduria, 
glucosuria, phosphaturia, azotemia, increased sodium, decreased uric acid 
excretion and reduction in glomerular filtration rate (Roels, et.al 1994).  
 The acute lead-induced nephropathy is likely to be reversible and 
occurs in children (usually at blood lead level > 80 µg/dl) and occasionally in 
lead workers (ATSDR, 1993).  
 The kidney is the major pathway for lead excretion and is directly 
subject to effects of lead toxicity that may lead to impairment of its multiple 
functions. The early or reversible effects of lead toxicity result in proximal 
renal tubular dysfunction, evidenced by increased urinary excretion of glucose 
 (15)
, amino acid , and phosphate. These effects have been reported with relatively 
high blood levels of 150µg/dl (Nriagu, 1999).   
1.5.6. Cardiovascular effects:  
 Long-term, high-dose exposure to lead was reported early this century 
to be associated with cardiovascular disease, particularly hypertension 
(Schwartz, 1991).  
 Cardiovascular events other than hypertension, including 
electrocardiography abnormalities, degenerative changes in cardiac muscle, 
altered vessel compliance, myocarditis and atherosclerosis etc, have also been 
observed (Kopp, et. al, 1988). 
1.5.7. Reproductive effects:  
Lead has long been known to be toxic to male fertility. Several studies 
in rats and other rodents indicate that blood lead concentrations above 30-
40µg/dl are associate with impairment of spermatogenesis and reduced 
concentrations of androgens-although some rat species and strains seem quite 
resistant (Apostolip, 1998). 
Overt of clinically apparent lead toxicity has long been associated with 
sterility and neonatal deaths in humans. Gametotoxic effects have been 
demonstrated in both male and female animals (Moorman, 1998).             
 Studies on male lead workers have reported severe depression of sperm 
count and decreased function of the prostate and/or seminal vesicles at blood 
lead levels of 40 to 50 µg/dl. These effects may be seen in acute as well as 
chronic exposures (Wang, et.al,2006)  
 Occupational exposure to high levels of lead has been associated with a 
high likelihood of spontaneous abortion in pregnant women. However, the 
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lowest blood lead levels at which this occurs has not been established. These 
effects maybe seen in acute as well as chronic exposure (ATSDR, 1997).  
1.5.8.  Developmental effects:  
 Exposure to lead during pregnancy produces toxic effects on the human 
fetus, including increased risk of preterm delivery, low birth weight, and 
impaired mental development. These effects have been noted at maternal 
blood lead levels of 10 to 15 µg/dl, and possibly lower. Decreased IQ scores 
have been noted in children at blood lead levels of approximately 10 to 50 
mg/dl (ATSDR, 1992).    
 Human studies are inconclusive regarding the association between lead 
exposure and other birth defects, while animal studies have shown a 
relationship between high lead exposure and birth defects (ATSDR, 1997).  
1.5.9. Carcinogenic effects :  
 Human studies are also inconclusive regarding lead exposure and an 
increased cancer risk. Four major human studies of workers exposed to lead 
have been carried out. Two studies did not find an association between lead 
exposure and cancer, one study found on increased incidence of respiratory 
tract and kidney cancers, and the fourth study found excesses for lung and 
stomach cancers (EPA, 1999).  
 Animal studies have reported kidney tumors in rats and mice exposed 
to lead via the oral route (EPA, 1994).  
 Plausible mechanisms of lead carcinogenicity include direct DNA 
damage, or inhibition of DNA synthesis or repair. Lead may also generate 
reactive oxygen species and cause oxidative damage to DNA. Recent data 
indicate that lead can substitute for zinc in several proteins that function as 
transcriptional regulators, including protamines. Gene expression proteins are 
 (17)
the cell's contractors; they follow a gene's directions to initiate processes that 
will lead to building of finished proteins. Many gene expression proteins 
contain a zinc atom that can be replaced by a lead atom if a person is exposed 
to too much lead. Normally, zinc attaches to four sulfur atoms, causing the 
protein to adopt a structure that binds to DNA. However, the researchers 
found that lead attaches to only three of the sulfur atoms. This difference in 
structure may explain the observation that when lead binds to gene expression 
proteins instead of zinc, the proteins do not form the proper structure and thus 
fail to bind properly to DNA to begin working with the blueprints. (Magyar, 
et. al, 2005) .  
Lead further reduces the binding of these proteins to recognition 
elements in genomic DNA, which suggests an epigenetic involvement of lead 
in altered gene expression. These events may be of particular relevance in 
transplacental exposures and later cancer (Rice, 2000). 
1.6. Mechanisms of toxicity:  
 The toxic mechanism of lead is caused by its ability to substitute other 
polyvalent cations (particularly divalent cations, such as calcium (Ca 2+) and 
zinc (Zn2+) in the molecular machinery of living organisms. These 
interactions allow lead to affect a variety of biologically significant processes, 
including metal transport, energy metabolism, apoptosis, ion conduction, cell 
adhesion, inter- and intracellular signaling, diverse enzymatic processes, 
protein maturation and genetic regulation (Garza and Vega 2006) 
1.6.1 Bone marrow: 
The anaemia caused by lead results from two basic red cell defects, 
shortened life-span and impaired haem synthesis. The mechanism by which 
synthesis of the red cell pigment haem is inhibited by lead involves at least 
two enzymes, a cytoplasmic one delta-aminolevulinic acid dehydrogenase 
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(ALAD)at the beginning of haem synthesis and a mitochondrial one, 
ferrochelatase, at the end of synthesis. The inhibition of ALAD is observed at 
lead blood concentrations as low as 100µg/L (0.49 mol/l). The conversion of 
delta-aminolevulinic acid (ALA) to porphobilinogen is blocked, resulting in 
plasma concentrations of 0.2 to 1.4 µg/ml (normally 0.1µg/ml) and ALA 
urinary concentrations of 50µg/ml or more  . The inhibition of ferrochelatase 
which plays a role in the insertion of Fe 3+ into protoporphyrin during the 
formation of haem in bone marrow occurs at a slightly higher lead blood 
concentration (140-200g/l). This inhibition results in an increase in the free 
erythrocyte protoporphyrin (FEP). The increases in ALA and FEP are earlier 
indicators of anaemia which is generally not observed until the blood 
concentration reaches 40 delta- aminolevulinic acid delta- aminolevulinic acid 
g/l. The red blood cell zinc protoporphyrin blood test measures the effects of 
lead on bone marrow occurring in the preceding 120 days and begins to occur 
in children at 150µg/l (0.72 mol/l) in women at 200 g/l (0.97 mol/l) and in 
men at 300 g/l (1.45µmol/l). 
Indicators of lead exposure relate to the inhibition by lead of the 
synthesis of haem. The inhibition of (ALAD) an enzyme involved in the 
biosynthesis of cytochromes and haemoproteins and porphyrins leads to an 
increase in levels of (ALA) in blood and urine. The discovery that lead forms 
a specific complex with the substrate ALA indicates this may be the 
inhibitory action. The blood and urine levels of coproporphyrin III and free 
erythrocyte protoporphyrins (FEP) are also usually elevated. The FEP 
combine with zinc in the blood to form zinc protoporphyrin (ZPP) which is 
the moiety assayed (Hathaway et al 1991, Gosselin,et.al,1984). ALAD 
remains active in the circulating red cell, but the activity of ferrochelatase 
disappears as soon as the red cells reach circulation, along with the 
disappearance of the mitochondria. From the usual measurements of ALAD 
in peripheral blood and the substrate erythroporphyrin (EP) from changes in 
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ferrochelatase activity, the direct action of lead on circulating blood is 
evaluated very early. However the inhibition of medullary erythroblastic 
ferrochelatase from the action of lead in the bone marrow is evidenced only 
indirectly by a late and gradual increase in EP corresponding to the gradual 
maturation and slow release of mature red cells carrying protoporphyrin from 
the marrow to the circulating blood. This is why EP concentrations may 
continue to rise after all other biologic measurements of lead effects have 
improved or returned to normal and long after environmental lead exposures 
have ceased (Beliles 1994).  
One study has found a metallothionen-like lead containing protein 
within human erythrocytes which may act to sequester lead into a , non-
bioavailable form hence protecting the body from lead toxicity. In this study 
two lead poisoned patients were examined. One patient had a blood lead 
concentration of 1800 g/L (8.69 mol/L) had 70% of their erythrocyte lead 
bound to this protein and remained asymptomatic. The other patient had a 
blood lead concentration of 1610µg/l (7.77 mol/l) with only 20% of 
erythrocyte lead bound to this signs of lead toxicity. It is not clear if the less 
metallothionen-like protein or a much protein and showed second patient had 
higher total lead body burden than the first patient (Church et, al, 1993). 
1.6.2 Central Nervous System (CNS): 
The exact nature of the effect on the central nervous system is unknown 
but it may involve neurotransmitters. In one study rats of various ages were 
fed lead acetate. Lead values in the brains of all rats were similar. There were 
decreases in brain levels of noradrenaline, and glutamate decarboxylase and 
increases in levels of glutamine and asparagine, tyrosine and monoamine 
oxidase in the brains of rats pre-natally or 5 days post-natally exposed to lead. 
Brain ammonia, alanine, aspartic acid and dopamine levels were not affected 
by the prenatal or 5 day postnatal treatment. Exposure of 5 week old rats to 
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lead did not affect the brain catecholamine and amino acid levels. These 
results suggest that the brains of young rats are more sensitive to lead 
exposure than those of adult rats.  
Another study showed alterations in the concentrations of the 
neurotransmitters noradrenaline and dopamine in addition to changes in the 
activities of the enzyme tyrosine hydroxylase and   phenylethanolamine- N-
methyl transferase. The activity of choline acetyltransferase was also altered. 
Segmental demyelination of peripheral nerves causes decreased nerve 
conduction velocities in adults. Lead crosses the blood-brain I barrier 
disrupting mitochondrial function. Other studies have suggested that the 
permanent neuropsychological deficits seen after exposure to high lead 
concentrations may be due to impairment of astrocytes function especially in 
their capacity to regulate the ionic and amino acid concentrations in the 
extracelluler milieu, brain energy metabolism. and cell volume. These 
functions are under monoaminergic control (Beliles, 1994). 
1.7. Sources and Risks of Lead Exposure in Sudan  
1.7.1. The increased number of vehicles particularly in Khartoum– 
environmental pollution from exhaust emissions- very old water pipes. 
Industries close to residential areas.  
1.7.2. Increased incidence of cancer, cardiovascular, reproductive, renal, 
anemia diseases. These diseases occurred due to a variety of causes, lead 
toxicity maybe one of them.  
1.8. Prevention measures: 
 As children may be exposed to potentially adverse levels of lead 
without exhibiting clinical symptoms, it is vital that primary care providers 
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adopt a preventive approach to determine which of their patients may be at 
risk. 
 It is often possible and many times crucial for a primary care provider 
to identify individuals who may have been exposed to potentially dangerous 
levels of lead, to test (screen) them appropriately, clinically manage them, and 
facilitate appropriate environmental and nutritional intervention before 
symptoms of lead poisoning manifest themselves. Often the recognition of a 
lead exposure problem and implementation of the system of interventions that 
is set up between government agencies such as the state and local health 
departments and the department of Housing and Urban Development depend 
on the initial reporting of high Blls by primary care providers.  
 The Centers for Disease Control " Strategic plan for the Elimination of 
Childhood Lead Poisoning " (CDC, 1999) focuses on removal of lead paint 
and abatement of paint contaminated dust in high risk housing, continued 
reduction of other sources of blood lead concentrations, and various 
childhood lead poisoning prevention programs and activities. These are 
worthwhile goals. However, this detailed report only briefly suggests the 
importance of nutrition. A much stronger emphasis on nutritional factors, in 
particular an increase in dietary calcium for both children and adults (Lederer, 
1940). 
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Chapter 2 
Materials and Methods  
2.1. Materials  
2.1.1 Chemical reagents:  
2.1.1.1 Dust reagents:  
• Hydrochloric acid ( HCL) 0.01 N  
• Sulphuric acid ( H2SO4 ) 0.025 N  
2.1.1.2  Foods reagent:   
• Hydrochloric acid ( HCL) 20%   
2.1.1.3 Water reagents  
• Lanthanum solution 5% ( W/V ) 
• Hydrochloric acid, HCL, concentrated.  
• Sodium hydroxide ( NaoH) IM.  
• Deionizer water  
• Phthalate buffer.  
• Methyl isobutyl ketone ( MIBK).  
• Diethyl dithiocarbamate ( DDC).  
2.1.1.4. Blood and Haemoglobin reagents:  
• Methyl isobutyl ketone ( MIBK) .  
• Ammonium pyrolidine dithio carbamate (APDC) .  
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• Drabkin   
2.1.2. Laboratory apparatus and equipments  
Several laboratory equipments and glassware had been used.  
2.1.2.1 For dust analysis   
• Volumetric flask ( 50ml)  
• Pipettes (5 ml)  
• Bottles.  
• Erlenmeyer flask.  
• Mechanical shaker.  
• Filter papers P5.  
• Atomic absorption spectrometry (Perkin – Elmer ) (3110)  
2.1.2.2. For food analysis :  
• Ashing dishes  
• Volumetric flasks ( 50 ml)  
• Pipettes (5 ml) 
• Funnels.   
• Bottles.  
• Filter papers P5.  
• Desiccators   
• Sensitive balance (Mattler H33AR)  
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• Muffle furnace (NEY, m-5 ) Ω 
• Atomic absorption spectrometry    
2.1.2.3. For water analysis :  
• 0.45- micron Millport filter  
• Erlenmeyer flask  
• Funnels  
• Glass Stopped test tube.  
• Pipettes (5 ml)  
• Atomic absorption spectrometry  
2.1.2.4. For Blood and Haemoglobin analysis:  
• Centrifuge  
• Tubes  
• Pipette  
• Atomic absorption spectrometry  
• Analyzer, spectrophotometer able to read at 540 + 2.0nm.  
• Cuvettes with I cm light path.  
2.2. Methods  
2.2.1. Sampling  
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2.2.1.1. Dust samples:  
 A total of 58 samples had been collected in plastic tubes from different 
sites in Khartoum, Khartoum North and Omdurman, 15 samples near 
industrial region for each site; 6 samples near petrol stations and vehicles 
barks also for each site; and 8 samples are street dust that were collected 
from, Shambat, Al - Mazad and industrial area in Khartoum North and also 8 
samples collected from Ommbada in Omdurman. The weight of each sample 
about (20-25g).   
2.2.1.2. Food samples:  
 A total of 21 samples had been collected from different sites in 
Khartoum North (Bahri) and Omdurman states in the areas of density. Types 
of foods were groundnuts, meats and dates.  
2.2.1.3. Water Samples   
 A total of 30 water pipes samples were  collected from different sites in 
Khartoum North (Bahri) and Omdurman states, form Al-Mazad, Shambat, 
Soug Bahri and industries area in Bahri and from Ommbada, Al-thwra, and 
Al-soug Alshabi in Omdurman.  
2.2.1.4. Blood and Hemoglobin Samples:  
 20 samples of blood were collected among females exposed by 
authorized health staff. They obtained the samples by venepuncture using 
disposable syringes for measuring lead level and haemoglobin concentration. 
10 samples had been collected from Omdurman, in Ombada and Al- thawra  
and 10 samples also were collected from Bahri in Al-Mazad and Shambat.  
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2.2.2. Lead determinations : 
2.2.2.1. Determinations of lead in soil samples :  
 Principle:  
 The samples are weighed out and placed in a flask, and extracting 
solution is added. The samples are then shaken and filtered. The extract is 
concentrated by means of solvent extraction and then analyzed (Purdy, 1977). 
Procedure:  
 5.5 g of dust sample placed in an Erlenmeyer flask and then 20 ml of 
extracting solution added ( 0.05 N HCL in 0.025 N H2SO4). The mixture 
placed in a mechanical shaker for 15 minutes and after that it was filtered 
through Whatman # 42 filter paper into µg 50  ml volumetric flask and diluted 
to 50 ml with extracting solution. Then the duplicated samples had been 
measured by atomic absorption spectrometry.   
2.2.2.2 Determinations of lead in some foods materials :  
 Principle:  
 This method involves destruction of organic matters by dry ashing and 
separation of the (Pb) from interfering  substrates (FAO,1986).  
 At the beginning of the work all glassware and dishes immersed in 5% 
HCL and rinsed with double distilled water.  
Procedure:  
 Before samples had been analyzed they were prepared by grinding to 
make them homogenized. After grinding, samples had been weighed (10 
gram) each sample and then placed in a 250 ml flask with 10 ml of HNO3. 
Ashing had been made at 450cْ for 4-5 hours. These were cooled using a 
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desiccators, Hydrochloric acid was then added. Filtration and dilution were 
then carried out. This digestion method recommended by Perking-Elmer Ltd, 
(1994). Then , the duplicate measurement on all sample using Flame Atomic 
Absorption Spectrometer had been made (Perking- Elmer Ltd, 1994).      
2.2.2.3. Determinations of lead in water :  
Principle:  
 This method describes the determination of (pb) in natural water. The metal is 
simultaneously extracted by chelation with diethyldithiocarbamic acid followed by 
extraction into MIBK. (Fishman, 1966) . 
Procedure:  
Water samples collected by using a Van Dorn type sampler. 200ml 
aliquot filtered through a 0.45- micron Millipore filter. Then the filtrate was 
acidified with 16 drops of concentrated HCL. 100 ml of the acidified water 
sample (standard of blank) transferred into a 250- ml Erlenmeyer flask. 2ml 
of the phthalate buffer added and the pH adjusted to 3.6 + 0.1. About 7ml of 
the DDC solution had been added, transferred to a 500 ml separatory funnel, 
and 15 ml MIBK added. Phases were allowed to separate by shaking 
vigorously for 30 seconds, and MIBK was drawn off into a glass- stopper test 
tube. Then, the duplicate sample had been measured by using atomic 
absorption spectrometry.     
2.2.2.4. Determinations of lead in blood:  
Principle:  
 The method describes the determination of lead in blood using an 
extraction procedure to concentrate the lead. The procedure results in lead 
being completely extracted into methylisobutyl ketone (MIBK) as the 
ammonium pyrrolidine dithiocarbamate (APDC) chelate. Samples must be 
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completely hemolyzed due to the fact that over 95% of blood lead is 
contained in the erythrocytes. This is accomplished by the addition of Trixton 
solution, 10% (v/v) in deionized water (Zinterhofer, 1971).  
Procedure:  
 6 ml of heparinized whole blood Placed into a 10-mL volumetric flask. 
1mL of 10% TX and 1 ml of 2% APDC were added in order. Agitation 
should be done after each step. 1.5ml of MIBK (water-saturated) added, 
shaking for 5 minutes and then 1 ml of deionizer water was added. The blood 
samples centrifuged at about 700g for 10 minutes. Then, the duplicated 
samples had been measured by atomic absorption spectrometry.     
2.2.2.5 Estimation of  haemoglobin:  
Principle:  
 Ferrous ions haemoglobin are oxidized to the ferric state by potassium 
ferricyanide to form haemiglobin. Haemiglobin reacts with cyanide to form 
haemiglobincyanide that can be measured by sectrophotometry (Van 
Kampen, 1961).  
Procedure: 
 5 ml of distilled water were added in the tube and followed by adding 3 drops 
of concentrated solution of drabkin. Then, 0.02 ml of sample added to the 
solution. Mixing and shaking had been made. The concentration of the sample 
was read by using analyzer, spectrophotometer able to read at 540 + 2.0 nm   
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2.2.3. Calculations and results:  
2.2.3.1. Level of ( pb2+) by ppm for water, (mg/kg) for (soil and foods) and 
(µg/dl) for  blood  = DF XR 
 DF = diluted factor .  
 R = reading of sample by Atomic Absorption Spectrometer.  
2.2.3.2 The hemoglobin concentration in the sample was calculated by using 
the following formula:  
 Concentration of hemoglobin (g/dl) = DF XR  
 DF = diluted factor.  
 R = reading of sample by Spectrophotometer.  
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Chapter 3 
Results 
3.1. Lead levels in the  dust  
3.1.1 In Omdurman :  
 Table 1 shows lead levels in dust samples collected from various 
locations in Omdurman. They were: 118.08 + 41.85 mg/kg near industrial 
region, 92.00 + 25.36 mg/kg near petrol stations and vehicle parking areas  
and 54.88 + 25.18 mg/kg for street dust from Ombada and Al-soug Al-shabi. 
The statistical analysis revealed the difference was very highly significant 
(P<0.0001), was highly significant (P< 0.001) and also was significant  
(p<0.01) for the three locations respectively when compared to the normally 
accepted levels in dust.    
Table 1. Lead level in dust samples from various areas in Khartoum North 
and Omdurman.  
Source of Samples 
Mean + SD 
mg/kg 
P- value 
Omdurman:    
1.1 Industrial region (n=15 )  118.08 + 41.85  P*** < 0.0001 
1.2 Petrol station and automobile exhaust (n=6)  92.00 + 25.36  P**  < 0.001 
1.3 Street dust (n=8)  54.88 + 25.18 P*   <0.01  
Khartoum North :    
1.1 Industrial region (n=15 )  118.77 + 29.99 P*** <0.0001 
1.2 Petrol station and automobile exhaust (n=6)  94.00   + 22.67  P**  < 0.001  
1.3 Street dust (n=8)  54.37   + 37.87 P*   < 0.01 
*       Difference is significant  
**     Difference is highly significant  
***   Difference is very highly significant 
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3.1.2. In Khartoum North (Bahri):  
       Table  1 also shows lead levels in Bahri were: 118.77 + 29.99mg /kg near 
industrial region, 94.00 + 22.67  mg/kg near petrol stations and vehicle 
parking areas and 54.37 + 24.87 mg/kg for street dust from Shambat and Al-
Mazad. Statistical analysis was also revealed the difference was very highly 
significant (P< 0.0001), was highly significant (P< 0.001) and also was highly 
significant (P<0.01) for the three locations respectively when compared to the 
normally accepted levels in soil.  
3.2. Lead levels in the foods:  
3.2.1. In Omdurman:  
 Table (2) shows lead levels for groundnuts collected from Al- soug Al- 
Shabi in Omdurman to be : (0.274 + 0.084) mg/kg. This value is statistically 
significantly different form the recommended level was p<0.02. Lead level 
for meat (0.043 + 0.044) mg/kg and for dates (0.142 + 0.050) mg/kg.The 
difference of the meat values from what is recommended, is significant 
(p<0.05). However, there was no significant difference for dates. 
3.2.2. In Khartoum North (Bahri):  
 Table (1) also shows lead levels groundnuts, meat and dates collected 
form Soug-Bahri to be: (0.249 + 0.0989) mg/kg, (0.230 + 0.0455) mg/kg and 
(0.146 + 0.038) mg/kg respectively. Statistical analysis revealed that the 
difference between groundnuts obtained levels and the recommended was 
significant (p<0.05) the difference was highly significant (p<0.01) for meats 
and there was no significance difference for the dates. 
 
 
 
 (32)
Table 2. Lead level concentration for vended groundnuts, dates and meats 
with their significance of difference  (P- value) 
Source of Samples 
Number of 
samples 
Mean + SD 
mg /kg 
P- value 
Omdurman:     
2.1 Groundnuts    7 0.274  +  0.084 P** <0.0z 
2.2 Dates                6 0.1142 + 0.050 NS 
2.3 Meats               8 0.24     + 0.074 p* <0.05 
Khartoum North: (Bahri)     
2.1 Groundnuts     7 0.0249  + 0.0989  P*<0.05 
2.2 Dates               6 0.146   + 0.038 NS  
2.3 Meats               8 0.230   + 0.0455 p*<0.01 
**  Difference is significant . 
*** Difference is  highly significant  
NS: Not significant. 
3.3. Lead levels in water:  
3.3.1. In Omdurman:  
 Table (3) shows lead level in drinking water in Ombada, Al- thawra 
and Al- Soug Al- Shabi was 0.055 + 0.019 ppm and t statistical analysis 
revealed that the difference was significant (p<0.1) higher than the level 
approved in drinking water.   
3.3.2 In Khartoum North:  
 Table (3) also shows lead level for drinking water sample collected 
from Al- Mazad,, Shambat, industrial area and Soug- Bahri was  0.060 + 
0.0146 ppm. The statistical analysis showed the difference was significant 
(p<0.02) higher than the level approved in drinking water.   
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Table (3)  Lead level concentration in  pipe water  
Source of Samples 
Mean + SD 
(ppm) 
P- value 
3.1. Omdurman : (n = 15)  0.055 + 0.019 P*<0.01 
3.2.  Khartoum North (Bahri) (n=15) 0.060 + 0.0146 P*<0.02 
* Difference is significant.  
3.4. Lead levels in blood and hemoglobin:  
3.4.1. In Omdurman :  
Table (4) also shows lead level for blood in Ombada and Al-thawra 
24.50+5.603 µg/dl. Statistical analysis revealed the difference was significant 
p<0.05. The table is also shown, the haemoglobin level 12.510 + 1.37 g/dl 
and the statistical analysis the difference was significant p<0.05.  
3.4.2  In Khartoum North (Bahri) :  
 Table (4) shows also lead level for lead in Al-Mazad, Shambat and 
industries 25.80+5.84 µg/dl with high difference in significance p<0.02 
statistical value. The table shows the hemoglobin level 11.52 + 2.189g/dl, and 
the statistical analysis revealed difference was significant (p<0.01). 
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Table (4) Blood Lead levels, and hemoglobin concentration in exposed 
females in Omdurman and Khartoum North. 
Source of Samples 
Blood lead µg/dl 
          (n=10) 
hemoglobin level g/dl   
(n=10) 
Omdurman:  24.50 + 5.603 
P*<0.05  
 
12.15+1.379  
P*< 0.05 
Khartoum North 
25.80 + 5.846  
p*<0.02   
11.52+ 2.189  
p*<0.01 
* Difference is significant. 
** Difference is high significant. 
 3.5. Correlation Coefficients between Blood Lead Levels and 
Hemoglobin. 
 Tables (5) and figures 1 (A and B) show hemoglobin was significantly 
negatively correlated with blood lead levels  ( r = - 0.977 , p = 0.01 ) for 
Omdurman and ( r = - 0.773 , p = 0.01) for Khartoum North.  
Tables (5) Correlation coefficients between blood lead levels and hemoglobin 
for females in Omdurman and Khartoum North. 
Khartoum North. Omdurman 
BLL HB BLL HB 
BLL 
1 -0.773** 
BLL 
1 -0.977** 
HB -0.773** 1 HB -0.977** 1 
 
** Correlation is highly significant at the 0.01 level  
BLL: Blood lead level.  HB: Hemoglobin  
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Figure 1. Negative correlation for blood lead levels with haemoglobin for 
Omdurman. 
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Figure 2. Negative correlation for blood lead levels with hemoglobin for  
Khartoum North (Bahri) 
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Figure  3. Vended foods are found to the exhaust emissions in Soug – 
Khartoum North (Bahri)  
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Figure 4.  Vended foods found in area of  heavy traffic density In Al – 
 Soug Al – Shabi in Omdurman. 
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Figure (5): Plastic factory in the Omdurman-industrial region near 
dwellings at- Ombada .      
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Figure (6). Water vendors in area of heavy traffic density in Al- Soug  Al-
Shabi in Omdurman.   
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Figure (7). Restaurant in area of heavy traffic density in Al- Soug Al- 
Shabi in Omdurman.   
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Chapter 4 
Discussion  
 According to WHO (1995) lead (pb2+) is one of the most toxic 
chemicals which is associated with serious health effects in human beings. 
Large quantities of this metal when ingested cause poisoning. Chronic effects 
may occur after the accumulation in the body over long periods of time.  
4.1. Soil:   
 ATSDR (1993) revealed that, though the concentration of lead in dust 
varies depending on point source and automobile exhaust emissions, the 
natural lead content in dust is less than 20 mg/kg. This study showed that 
about 100% of dust samples were found to have lead (pb2+) content higher 
than 20 mg/kg. The lead (pb2+) levels in street dust were 54.88 + 25.18 mg/kg 
in Omdurman and 54.37 + 37.87 mg/kg in Khartoum North indicating no 
difference between the two locations. Statistically, the lead levels mentioned 
above in both areas are significantly high (P<0.01). Because past and present 
atmospheric emissions contribute to the amount of lead in soils; areas of high 
traffic flow or near industrial sources are likely to have a greater 
concentration of lead in soils and dust than more remote areas ( ATSDR, 
1999). Our results agree with the Agency for Toxic Substances and Disease 
Registry (ATSDR). Since, lead concentration is higher in industrial regions in 
both Omdurman and Khartoum North than the other remote areas i.e street 
dust in Ombada and Shambat or the dust of Soug – Bahri and Soug – 
Omdurman El-Shabi.      
In a study by Sridhar, (1999) 52 indoor dust samples from high, 
medium, and low density Pollution area  showed varying lead levels. Nature 
of the building, wall painting, degree of ventilation, elevation, nearness to 
 (43)
heavy traffic and most especially contamination of dust samples with paint 
peelings off the wall influenced the values. 
 Results indicated that the level of lead in industrial regions is higher 
than in petrol stations or streets dust so people who live near these regions are 
exposed to the emissions of these factories beside the emissions of 
automobiles. This implies that people who live and work nearby are at high 
risk.  
 It has also been shown that the mean levels of lead in dust near petrol 
stations and areas of automobile exhaust in both Khartoum North and 
Omdurman were: 94 + 22.67 and 92 + 25.36 mg/kg  respectively. These 
comprise the main sources of lead pollution at street markets where many 
women happen to vend foods, many strolling venders sell fruits, vegetables 
and water in addition to many nearby restaurants. This finding raises the 
concern about long term exposures of these individuals that predispose them 
to all the hazardous effects of the metal. 
 Differences in the means of lead levels in different locations of 
Khartoum North and Omdurman can be explained by dependence on the 
nearness to lead based activities and vehicular density. It has been reported in 
a study in Ibadan (Sridhar,et.al, 1997) that in residential areas, the levels of 
lead in soils ranged from (mg/kg): 364.0 + 85.2 in high density area, 269.0 + 
62.9 in medium density area and 307.0 + 75.3 in low density area. Near petrol 
stations, the values ranged between 190.0 to 1029 mg/kg. The values obtained 
in this study, though higher than should be, are comparatively much lower 
than those reported in the Ibadan study. The two environments are, however, 
polluted due to automobiles emissions and factories that are located near  the 
dwellings of inhabitants.    
  There are many factors that contribute to the pollution of 
environment by lead. Automobile emissions are one of them. The combustion 
 (44)
of leaded gasoline generates approximately 90% of all anthropogenic lead 
emissions and inhalation of these emissions is a significant source of exposure 
(ATSDR, 1999). Lead in paint is also a primary source of environmental 
exposure to lead, in particular exposure for children (ATSDR, 1999).  
4.2. The foods: 
In the present study, lead levels in the foods in Khartoum North ranged from ( 
0.08 to 0.342 mg/kg) and from (0.056 to 0.375 mg/kg) in Omdurman. Reports 
point to estimates of less than 0.5 mg/kg lead in individual items of most food 
in North America (Schroeder, 1991). 
 In the study, about (42.8%) of the examined vended food samples in 
both Omdurman and Khartoum North were found to have lead content higher 
than 0.2 mg/kg therefore, it can be concluded that there is danger to human 
health through consumption of such vended food material. It has been 
reported that any type of food particularly sold for children must have lead  
(pb2+) below 0.2 mg/kg (Coultate 1996). FAO/WHO (1972) had 
recommended, 0.2 mg/kg as an acceptable level of lead in food. This was 
confirmed by intensive surveys and studies (Coultate, 1996; Ihasan, 2003).  
 The study showed that concentrations for vended groundnuts, dates and 
meat in Omdurman were: 0.264 + 0.084 mg/kg, 0.1142 + 0.050 mg/kg and 
0.24 + 0.074 mg/kg respectively and 0.249+ 0.099, mg/kg, 0.146 + 0.230 
mg/kg and 0.230+ 0.0455, mg/kg in  Khartoum North respectively. The 
values for groundnuts and meats are significantly different. (WHO,1972) had 
recommended 0.17 mg/kg as acceptable level of lead in both cereals and 
meats. These are unacceptable. Such findings require the attention of public 
health authority. The concentration of lead in dates is below the risk level.     
 It was also observed that these foods are found and sold adjacent to 
exhaust emission in areas of heavy traffic. A relationship  exist between the 
distance and the degree of lead  pollution (Hassan, 1998). Lead (pb2+) is 
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transported and distributed into the air over areas of heavy traffic density and 
settle on human vended foods ( ELprince, 1999).  
 The Sudanese vendors are poor women ignoring the risk that might 
come from their practice of selling foods in areas of heavy traffic density. 
Such areas are sources of lead pollution. The risk may extend to the 
community.  
4.3. The water :  
 In this study, about 60% of the pipes water samples in AL-Mazad, 
Shambat, Soug-Bahri and industries in Khartoum North, were found to have 
lead (pb2+) content higher than 0.05 ppm. The levels of lead encountered in 
water supplies are probably about 0.05 ppm (WHO, 1972) .  
 Also about 60% of examined samples which had been collected from. 
EL- Soug. El- Shabi Omdurman, Ombada and Al-thawra were found to have 
lead content higher than 0.05 ppm. Statistical analysis revealed that the 
difference was significant (P<0.02) in Khartoum North and also there is         
a significant difference in Omdurman (P<0.1).   
Lead  occurs in drinking water through leaching from lead containing  pipes, 
faucets, and solder, which can be found in plumbing of older buildings 
(ASTSDR 1999). Other potential sources of lead contamination include brass 
fixtures, older drinking-water coolers, and older pipes (Mushak , 1989). 
The international standards for drinking water ( WHO, 1972) suggest a 
tentative limit for lead  of 0.19 liters. Assuming a consumption of 2.5 liters of 
water per day the maximum lead intake from this source would be 250 µg; 
this would contribute significantly to the total amount of lead taken in by 
man. 
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 Water contaminated by lead because, one of the source of lead in water 
from the drainage and surface runoffs. Areas where lead based activities are 
high contribute to the lead levels in the final recipients such as river, stream or 
wells. A study by Ayodele et al (1996) while working in Kano reported that 
industries contribute a large quantities of lead through the dischaoyed of 
effluents. 
4.4. The Blood and Hemoglobin (Hb):  
 The obtained results of lead in the blood of females are higher than the 
normal value of lead in blood. About 80% of the women samples in both 
Khartoum North and Omdurman were found to have lead (pb2+) content 
higher than 20 µg/dl. The findings in this research are in agreement with 
blood lead levels reported in other developing countries in Africa such as 
Nigeria (Omokhodion,et.al, 1994).  
 Statistical analysis shows that difference in Khartoum North is more 
significant (P<0.02) than the difference in Omdurman (P<0.05). This is 
because the three locations of Khartoum North are presumably more exposed 
to lead (pb2+) than in Omdurman. 
The sources of this pollution are the inhalation of emissions of industrial 
regions and automobiles, contaminated foods and the old pipes of water. The 
main source of adult human exposure is food, which is believed to account for 
over 60% of blood lead levels; air inhalation accounts for approximately 30% 
and water of 10% (John et al, 1991).  
 (Ogunsola,1994) studied blood samples from 90 males and 47 females 
attending a gene outpatient clinic over a period of I month in association with 
24 tap water samples from 8 locations around Ibadan, Nigera. Blood lead 
levels ranged from 16- 27.6 µg/dl. The mean blood lead level for females and 
males were 22 + 4.2 µg/dl and 23.20+5.42 µg/dl respectively. It has been 
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shown in table (5) that the hemoglobin highly negative correlations with 
blood levels and correlation coefficient was – 0.773 for Khartoum North and 
was -0.977 for Omdurman. 
 The study has been also shown that the mean hemoglobin levels in 
Khartoum North and Omdurman are 11.520 + 2.189 g/dL and 12.15 + 1.379 
g/dL respectively. This reduction in hemoglobin because lead interferes with 
the synthesis of haem. This interfecence with haem causes anaemia.  These 
values statistically significant. Since the range of normal concentration of 
hemoglobin in females is 14-15 g/dl. lead  decrease (Hb) synthesis it can 
produce anaemia in children when the level of blood lead is around 40 µg/dl. 
Levels higher than 80µg/dl are associated with chronic lead poisoning 
(Coultate, 1996).  
 The contamination of water, foods and soil by lead (pb2+) is reflected in 
blood lead (pb2+) and hence blood lead can be described as a biomarker for 
lead intoxication.  Eliminating the use of lead  in gasoline in the 1970s and 
reduced use of lead in other sources of exposure such as outdoor paint, 
printing inks, and solder in tin cans used for food have resulted in well-
documented and substantial decreases in blood lead concentration of U.S. 
residents (Brody, 1994).  
 It was estimated that average daily lead intake through diet was about 
114 µg/day for adults and 50 µg/day in children; tolerable limit is 250 µg/day 
for adults and 90 µg/day for children.  
4.5. Conclusions and Recommendations   
 The study showed the presence of lead in the majority of examined 
samples. This indicates that levels of lead in soils from risky environments 
such as industrial regions and petrol stations are much higher as compared to 
those soils from the residential environment. Residents near heavy traffic high 
 (48)
ways such as Ombada, Al-Thawra, Al-Mazad, industries and Shambat are at 
high-risk for lead pollution. Vended foods in heavy traffic areas liable for lead 
pollution. The study also indicates that pipes water are source of lead.  
 The results of our study reveal a high prevalence of elevated blood lead 
levels among exposed in the location of Khartoum North and Omdurman. The 
decrease of hemoglobin levels was significantly related to the concentration 
of lead in blood.  
 Lead is toxic metal associated with serious effects on human health. It 
is effects noted by anaemia, renal damage, cancer and even death. Long-
period of exposure result in accumulation of lead(pb2+) in bones and teeth etc. 
So it is necessary to protect general public from such pollution.  
 To guard against all the health hazards that lead (pb2+) pollution can 
cause as observed in the majority of samples examined it is necessary to set 
recommendations  so as to protect human health. These should include:  
• Phasing out of lead from petroleum production.  
• Formulation of policies at National level to reduce the lead use and 
emissions.  
• Public health measures should be directed to prevent the exposure to 
lead. This can be achieved by :  
? Prohibition of selling of foods and water in heavy traffic areas.  
? Monitoring of blood lead levels among populations particularly 
children in high risk environments.  
? Old pipes must be replaced by new ones.  
? Mechanic villages, heavy industries, petrol stations must be held 
far from residential environments and the markets. 
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? Educational programs for various population groups on the 
health and ecological effects of lead. 
• Periodic review of lead levels in the environment through regional and 
roundtable conferences, and involvement of Non-Governmental 
Organizations (NGOs) and Activist Groups in campaigning against 
lead emissions.  
Screening, monitoring and surveillance are necessary to determine the risks of 
foods chemically polluted with lead and establishing legislation regarding 
street vended foods 
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